The main aims of our study were (1) to determine the flora in railway areas with special emphasis on the presence of neophytes; (2) to describe the features of the flora through analyses of taxonomic composition, chorotypes, life forms and the phytosociological character of species found at 15 stations in the Mediterranean and sub-Mediterranean areas of Croatia and Bosnia and Herzegovina (SE Europe). According to their floristic composition, two broad groups of stations were recognized: i) stations in the most southerly area with higher annual precipitation and air temperature (cities of Ploče, Metković, Čapljina, Mostar), and ii) stations in sub-Mediterranean rural areas located exclusively at higher altitudes, including stations in three Dalmatian large cities (Zadar, Šibenik, Split). Altogether, 359 vascular plant taxa (336 species and 23 subspecies) were identified within 62 families and 230 genera. Therophytes, and Mediterraneans with a considerable proportion of Cosmopolitans were predominant. Neophytes contributed 14% of identified flora, the majority being invasive. In the phytosociological spectrum, the largest element was made up of taxa from Stellarietea mediae and Festuco valesiacae-Brometea erecti classes. Most of the railway stations studied excluding those in large cities, retain a link with the floristic composition of the plant communities of their biogeographic contexts. jugu Hrvatske i Bosne i Hercegovine s višom godišnjom količinom oborina i temperaturom zraka (Ploče, Metković, Čapljina, Mostar) te ii) postaje u ruralnim područjima na isključivo višim nadmorskim visinama, uključujući i one u tri najveća dalmatinska grada, Zadru, Šibeniku i Splitu. Ukupno je utvrđeno 359 svojti (336 vrsta i 23 podvrste) vaskularnih biljaka svrstanih u 230 rodova i 62 porodice. Prevladavali su terofiti te svojte mediteranskog flornog elementa s značajnim udjelom široko rasprostranjenih svojti. Udio neofita u ukupnoj flori bio je 14%, a većina imaju status invazivnih svojti. Fitocenološki, najveći broj svojti svojstvene su vegetacijskim razredima Stellarietea mediae i Festuco valesiacae-Brometea erecti ili njihovim nižim sintaksonima. Najveći broj istraživanih željezničkih postaja, osim onih u velikim dalmatinskim gradovima, pokazuju vezu s florističkim sastavom biljnih zajednica unutar svojeg biogeografskog položaja.
INTRODUCTION
Man-made habitats have received increasing attention of researchers due to their growing importance for urban land management and nature conservation (Pyšek, 1995) . This category comprises those habitats so completely created and maintained by human activity that they cannot be termed semi-natural, and yet nevertheless have a considerably wildlife and nature conservation interest (Ratcliffe, 1977) .
Among them, railway areas in a broad sense (including tracks, platforms, stations, storehouse ramps, loading sidings, slopes of railway embankments, railway wastelands) are included into the intensively managed kind of land. In addition, the railway has greatly influenced the structure of local ecosystems, and the threats resulting from the fragmentation of natural and semi-natural biotopes (e.g., Gontier et al., 2006; Westermann et al., 2011) . Railway stations, which are the major trans-shipment points for goods, are recognized as "hot spots" for expansion of synanthropic plants (Gilbert, 1989; Wiłkomirski et al., 2012) . Plants in such extreme habitats prefer light and dry sites, and, in general, the flora is characterized by species with relatively low frequencies of occurrence (Galera et al., 2014) .
Railways and railway verges have been the subject of botanical studies for more than 150 years (Filibeck et al., 2012 , and references therein). In fact, there have been many different approaches to research on species occurring in railway areas. Some authors have analyzed the groups of plants that occur most frequently in railway areas (e.g., Brandes, 1983) , while others have demonstrated the importance of elements of railway infrastructure for the expansion of these species (e.g., Rutkovska et al., 2013) . In general, due to the decrease in grain and livestock rail transportation in the last few decades, railways nowadays have less rich alien flora than was observed in the first half of the 20 th century (Filibeck et al., 2012 , and references therein).
Generally, botanical studies on rail lines in central European countries are much more common than in most of Mediterranean Europe (cf., Májeková et al., 2014) . Until now, vegetation and floristic research into railway lines and stations has been only occasionally performed in the NW Balkans, mostly in the context of the study of the urban floras (e.g., Milović & Mitić, 2012; Stešević et al., 2014) . In inland Croatia, Marković (1977) reported plant species and associations from the slopes of railway embankments and stations. Until now, in the Mediterranean part of NW Balkans, including Croatia and Bosnia and Herzegovina, no specific or systematic research of the flora or vegetation on the railway stations has been performed.
In this study, we present the results of a complete floristic survey of the operating railway tracks of 15 railway stations of Croatia and Bosnia and Herzegovina, occurring across an intensively farmed landscape within the Mediterranean and sub-Mediterranean regions. Our main tasks were (1) to determine the flora in the railway areas with special emphasis on the presence of neophytes in this territory; (2) to describe the features of flora throughout analyses of taxonomic composition, chorotypes, life forms and the phytosociological character of species found at the stations. The paper is also a contribution to the knowledge of the railway flora of Bosnia and Herzegovina, which is still under-explored.
THE STUDY AREA
The study area of railway stations covers most of southern Croatia (the region of Dalmatia) and Bosnia and Herzegovina, extending from the eastern Adriatic coastal city of Zadar on the northwest to the town of Metković on the south-east (Fig. 1) . We surveyed the flora at 13 railway stations in southern Croatia and two cities (Čapljina and Mostar) in Bosnia and Herzegovina (Tab. 1). The sampling sites were established along an altitudinal gradient from 2-300 m a.s.l. As of 2012, Croatia had a total of 2,722 kilometers of railways, including 598 railway stations and other railway facilities, and 541 and 6,063 respectively of all types of goods and passenger wagons. In Croatia, the use of 22 railway lines was abandoned in 2014. In 2013, after a 128 year long tradition, passenger traffic between Sarajevo (the capital of Bosnia and Herzegovina) and Ploče (Croatia) was halted, and now only rail freight transport is active (bulk cargo, steel products and iron and other types of goods, such as sugar, cement, petroleum, etc.). The area is characterized by warm and dry summers, while winters are mild and rainy. The positions of the stations and a comparison of their macrobioclimates according to the Worldwide Bioclimatic Classification System (Rivas-Martínez et al., 2011) are given in Tab. 1.
From a biogeographic viewpoint, most of the stations are located in the Illyrian sector of the Apennino-Balkan Province, while some coastal stations in Croatia (Split, Ploče, Metković) belong to the Epiro-Dalmatian sector of the Adriatic Province (Rivas-Martínez et al., 2004) . Phytogeographically, this area belongs to the vegetational zone of the groups of the sub-Mediterranean alliances of Fraxino orni-Ostryion and Carpinion orientalis (class Quercetea pubescentis), except for the stations in the EpiroDalmatian sector which are located within the Fraxino orni-Quercion ilicis alliance (class Quercetea ilicis). In the sub-Mediterranean region, the greater part of the surface is covered by rocky meadows of the Scorzoneretalia villosae order (class Festuco valesiacae-Brometea erecti), mostly on shallow calcareous soils. U/R -urban or rural area, D -distance from (semi-) natural vegetation (km), B -gross domestic product (mln eur), Pt -public transport of passengers (total number of passengers in 2014), Gt -transport of goods (rail freight transport in 2013, in tons), NT -embarkation and disembarkation of passengers and goods are extremely rare, ND -no data.
Tab

MATERIAL AND METHODS
Data collection
With the aim of determining the characteristics of the railway stations and cities/settlements (see Tab. 1), data on urbanism, climate conditions, human population, etc. were obtained whenever possible. In the study, urban (U) referred to all territory, population, and housing units located in places with a human population of 2,500 or more. Human population size was determined according to administrative divisions (settlements or cities) and census in 2011 and 1991 in Croatia and Bosnia, respectively (Anonymous, 1998 (Anonymous, , 2013a . Data for gross domestic product (mln eur), public transport of passengers and goods (rail freight transport in tons) in domestic and international rail traffic for each station were taken from the Statistical Reports (Anonymous, 2014ab) or have been provided by state Railway companies. Coordinates, altitudes (m a.s.l.) and distance (in km) from natural or semi-natural vegetation were determined using GPS. Macrobioclimate variants were determined according to the Worldwide Bioclimatic Classification System (Rivas-Martínez et al., 2011) . This approach was also verified using data on precipitation, air temperature, etc. for at least a 30-year period from the website https://en.climate-data.org/.
We surveyed the total flora of the operating railway tracks of the railway stations in 2013-2014. For this purpose most stations were visited in different seasons (from spring to autumn), except for those in southern Croatia (Ploče, Metković) and in Bosnia and Herzegovina (Čapljina, Mostar), which were surveyed during the summer-autumn period. However, most of the plant taxa from the anthropogenic habitats in the Mediterranean show a peak of development during late summer and early autumn. Generally, spring-flowering taxa, present only in some cases, were recognized from the dried remains of plants. In each station, the flora occurring on the operating railway tracks and platforms has been investigated. Only one plot was sampled at each station. Plot size varied, depending on the station size, from 200 to 800 m 2 , with the majority (80%) of stations being 600 m 2 , and the whole surface area of the stations was explored.
Taxa were determinated using the standard keys, books and guides reported in and Milović et al. (2016) . Biological form was verified in the field and denoted according to categories reported in Pignatti (1982) , these being based on the classification of Raunkiaer (1934) . Regarding chorotypes, reference was made to Horvatić (1963) , Horvatić et al. (1967 Horvatić et al. ( -1968 , Jasprica et al. (2015 , as well as to the monographs used for taxonomic nomenclature. The nomenclature of plant taxa follows the online plant database Euro+Med PlantBase (Euro+Med, 2006 , except for taxa marked with an asterisk (*), where Pignatti (1982) was used. In this study, archaeophytes are not discussed because they are considered as native in this database. The neophytes noted in this study were determined according to the application module 'Allochthonous plants' reported in the Flora Croatica Database (Nikolić, 2016) , and the chorotype geographical labels mostly designated according to Tutin et al. (1968 Tutin et al. ( -1980 Tutin et al. ( , 1993 , Pignatti (1982) , Celesti-Grapow et al. (2009) and Pyšek et al. (2012) . To indicate the degree of naturalization (the invasion status) of a taxon, we have used the terms casual, naturalized and invasive, following the definition of Richardson et al. (2000) . The assessment of the degree of naturalization was made according to Boršić et al. (2008) refined by Nikolić et al. (2014) and Nikolić (2016) . The taxa in the list are arranged alphabetically (Tab. 2). Taxa listed in the Red Book of Vascular Flora of Croatia (Nikolić & Topić, 2005; Nikolić, 2016) and the List of botanical species for the Red book of Bosnia and Herzegovina (Šilić, 1996) are marked with their corresponding IUCN status (IUCN, 2016; Anonymous, 2016ab) . Taxa considered to be endemic are denoted according to Nikolić et al. (2015) and Nikolić (2016) . In addition, strictly protected taxa (CSPT), as defined by Croatian Law are also denoted (Anonymous, 2013bc) .
Finally, most taxa are associated with vegetation units (classes) , in order to analyze the relationships between the floristic assemblage of the railway stations and the (semi-)natural vegetation types of the surrounding landscape. The system of characterizing species (mostly for those plants that are considered "characteristic species" of the classes) was derived from Horvat et al. (1974) , Mucina (1997) , and more recent SE Europe phytosociological literature (cf., Brullo et al., 2007; Šilc & Čarni, 2007; Šilc et al., 2008; Giupponi et al., 2015, etc.) . The nomenclature of vegetation units mostly follows Biondi et al. (2014) . Syntaxonomic units mentioned in the text and Tab. 2 are listed in the Appendix.
Data analysis
The classification procedure was performed in order to compare the composition of flora (based on presence-absence data) at the railway stations. A hierarchical agglomerative clustering was used based on Bray-Curtis similarity and Ward's method of group linkage as the method for grouping the formation (McCune & Mefford, 2006) . The matrices consist of 259 taxa × 15 samples (railway stations). Taxa found only in one sample (station) were not included in this analysis (in total 100 taxa), because they make a low contribution to the community structure and may hinder the analysis of data (Causton, 1988) . The program PC ORD ver. 5 (McCune & Mefford, 2006) was employed. Differences between groups obtained in classification were tested by analysis of similarities in the PRIMERv6 software (Clarke & Gorley, 2006) .
RESULTS
Altogether 359 vascular plant taxa (336 species and 23 subspecies) were identified within 62 families and 230 genera (Tab. 2). The number of taxa at the stations varies from 47 to 152 (Fig. 2a) 
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Threatened, LC -Least Concern, DD -Data Deficient, R -rare in Bosnia and Herzegovina. Hierarchical classification identified two broad groups of railway stations (northwestern -cluster A and southeastern -cluster B) of significantly different floristic assemblages (Fig. 3) . In general, the number of taxa was significantly lower in the southeastern group of stations (between 47 and 71 taxa) than in the northwestern stations (88-152 taxa). In total, 31 taxa were exclusively found in the southeastern group of stations, and among them, 12 were found only in Bosnia and Herzegovina (Tab. Number of neophytes is between 3 and 26 (3 to 28% of the total number) (Fig. 2a) . The highest percentage of neophytes was noted at the stations in Bosnia and Herzegovina. In total, 52 neophytes, i.e. 14% of the total number of taxa, were found at the railway stations. Among them, the most frequent (present at ≥73% of all stations) were Erigeron canadensis, Euphorbia maculata, E. prostrata and Amaranthus albus. Regarding chorotypes, most were of American origin. According to the degree of naturalization, the most prominent were invasive plants (73% of all neophytes).
Generally, no significant differences were found in life form and chorotypes among the stations (Fig. 2b, c) . The analysis of plant life forms showed that the flora were dominated by therophytes (51%) and hemicryptophytes (32%), followed by phanerophytes (8%). Chamaephytes and geophytes contributed almost equally (Fig. 2b) . Among neophytes, therophytes dominated (34 taxa, i.e. 65%), followed by phanerophytes (7 taxa, i.e. 14%). Dominant in the flora were Mediterranean chorotypes (26.5%), mostly circum-Mediterranean plants, followed by a considerable proportion of Cosmopolitans (24.5%) and South European plants (17.3%) (Fig. 2c ).
In the phytosociological spectrum (Fig. 4) , the mostly represented element (104 species, i.e. 34%) was Stellarietea mediae, followed by Festuco valesiacae-Brometea erecti (63 taxa, 21%). Artemisietea vulgaris is also well represented in the railway station flora (36 taxa, 12%), while the Thero-Brachypodietea ramosi element is more poor (24 taxa, 8%). Molinio-Arrhenatheretea class is represented by 16 taxa (5%), and other elements are featured ≤2.6% each.
In total, 10 plant taxa found at railway stations are strictly protected in Croatia. Four taxa are considered to be endemic, mostly belonging to the group of Illyrian-Adriatic endemics. Altogether, 18 taxa were included in the Croatian Red List. Among them, the category of Critically Endangered (CR) is assigned to only one taxon (Dorycnium rectum). In Bosnia and Herzegovina, Asphodelus fistulosus is considered to be a rare taxon.
DISCUSSION
This study revealed the high richness of vascular plant taxa at railway stations in the Mediterranean and sub-Mediterranean area in southern Croatia and Bosnia and Herzegovina, and, as expected, ca 30% of these taxa occurred at low frequency (found at only one station), i.e. were considered rare (Galera et al., 2014) . However in general, vascular plant diversity (at a scale of 110 km 2 ) in the Croatian Mediterranean-climate region ranks among the highest in the country, with a high overall biodiversity that is significant in a broader European context (Jelaska et al., 2010; Nikolić et al., 2015) . Similarly, high vascular plant diversity was also reported for the southern part of Bosnia and Herzegovina (Redžić et al., 2008) .
In this case, the number of taxa is high when compared to the floristic richness found on railways in the Mediterranean area of Italy (Cornelini & Petrella, 1994; Filibeck et al., 2012) , or some north European sites (Lejmbach et al., 1975; Warcholińska, 2008) . Other authors have given quite different results for railway areas in a broad sense and over a wide geographic area (e.g., Messenger, 1968; Altay et al., 2015; Májeková & Limánek, 2016; Jehlík et al., 2017) . The disparity was probably caused by differences in the size of the studied areas, the great variability of microhabitats in the areas investigated and environmental management plans at the stations.
In the present study, there were two broad groups of stations that differed from geographic, floristic and ecological (topography, climatic conditions) points of view (clusters A and B, Fig. 3 ). The first group of stations (cluster B) occurs in the southernmost part of the investigated area with higher annual air temperature (15.1-16.0°C) and precipitation (>1,000 mm y -1
). This group covers the area from the Adriatic coast to the inland temperate (Weak sub-Mediterranean) part of Bosnia and Herzegovina (city of Mostar). In addition, as an integral part of the extensive transit system between Croatia and Bosnia, it is characterized by warm and wet conditions along the Neretva river valley, which is the main habitat for many riparian woody (e.g. Tamarix dalmatica, Platanus orientalis, etc.), and other hygrophilous or mesophilous taxa (Pulicaria dysenterica, Dorycnium rectum, etc.) (Lovrić et al., 1989; Jasprica, 2007) . Although rivers play a significant role as corridors for the spreading of both native and non-native species, this very important topic deserves closer analysis than can be offered here (Rutkovska et al., 2011) . Jasprica et al. (2010) have also highlighted the historical differences in the type and intensity of human impact that each part of NW Balkans (Mediterranean and sub-Mediterranean) has experienced. The second group of stations (subclusters A1 and A2, Fig. 3 ) represents the rural stations located in the hilly hinterland (186-348 m a.s.l.) in the inland temperate (Weak sub-Mediterranean) variant of macrobioclimate, and those in large coastal Dalmatian cities (subcluster A1.2). The latter showed very similar, predominantly urban flora due to high anthropogenic pressure and distance from the (semi-)natural vegetation (Milović, 2002; Jasprica et al., 2010; Milović & Mitić, 2012 , and references therein). By contrast, the flora of rural stations was mostly defined by intensively managed landscapes, the high contribution of annual segetal weeds (e.g. Euphorbia falcata, Erodium cicutarium, Viola arvensis), dry grassland and meadow (Clinopodium acinos, Trifolium campestre, Tragopogon pratensis, etc.) or crop taxa (Triticum aestivum, Brassica napus).
The lists of species noted along railway tracks and stations in different regions of Europe cannot be compared directly, as the differences in species composition may be due to location-related differences and variation of habitat diversity across the region. In addition, some taxa (e.g., Geranium purpureum, Lepidium virginicum, Saxifraga tridactylites, etc.) have different current statuses including the history of their migration in different parts of Europe ( Van der Ham, 1981; Reisch, 2007; Eliáš, 2011) . However, the most frequent taxa in our study have also been found in railway stations in the continental region of Croatia (Marković, 1977) and in neighbouring Hungary (Pál & Csiky, 2002) . A comparison with railway flora studies in different European countries showed that Convolvulus arvensis was a common taxon (Altay et al., 2015; Sargent, 1984; Brandes, 1984) . However, Croatian inland railway stations nevertheless exhibit interesting differences in their flora in comparison with those in the Mediterranean part of the country: i) they have a lower richness, while a third of them occur in both biogeographic regions, ii) hemicryptophytes and Cosmopolitans prevailed. Some taxa of a strictly Mediterranean range (e.g., Scolymus hispanicus, Dasypyrum villosum) have also been noted at stations in the inland region but show no tendency to spread.
In our study, therophytes were dominant in the life form spectrum, as has been previously reported for the flora of railway areas and other anthropogenic habitats subject to strong human pressure (see e.g., Kowarik & Tietz, 1986; Partsch & Karstner, 1995; Schinninger et al., 2002; Brandes, 2004; Galera et al., 2012) . Plant characteristics such as a short life cycle and the ability to persist under dry conditions and high insolation enable these plants to grow and thrive along operating rail tracks. Despite the artificial origins of the study sites, the life form distribution retains a strong similarity with the spectrum of the regional pool (e.g., Milović, 2002, etc.) . On the other hand, the relatively high proportion of phanerophytes (e.g., Celtis australis, Ficus carica, etc.) highlights the role played by the railway verges as a substitute habitat for woody taxa. Anyway, it is important to take into consideration the fact that the further growth of phanerophytes on active railway tracks is very difficult or even impossible. According to our opinion, this can also be applied for rare and threatened taxa. On the contrary, Májeková et al. (2014) reported that despite regular elimination of vegetation in railway areas by different types of treatment, railways and their facilities represent sites of conservation for rare and threatened taxa.
As for chorotypes, the results clearly showed a predominance of taxa of the Mediterranean element with a considerable proportion of Cosmopolitans. In this case, in contrast to the findings of Filibeck et al. (2012) in the Mediterranean region of the Italian Peninsula, the high percentage contribution of Mediterranean taxa with co-domination of Cosmopolitans suggests that the Mediterranean climate does not act more than partly as a strong ecological filter, while the presence of cosmopolitans suggests a high degree of human impact (e.g., Dunnett & Hitchmough, 2004) . Generally these taxa had a significant influence on the physiognomy of this type of man-made habitat in the area , and references therein).
A considerable participation of taxa from the Stellarietea mediae and Festuco valesiacae-Brometea erecti classes indicates that the flora of the studied railway stations, at least partly, retains a strong link with the floristic composition of the plant communities of its biogeographic context. Although some of the most frequent taxa (e.g. Chondrilla juncea, Convolvulus arvensis) are associated with Artemisietea vulgaris class, ruderal taxa were less frequently noted, as their functional traits are scarcely adapted to a Mediterranean climate. High contribution of character-species of the Stellarietea mediae and Artemisietea vulgaris has been also found in railway areas in both Mediterranean and temperate Europe (Cornelini & Petrella, 1997; Kropáč, 2006; Fornal-Pieniak & Wysocki, 2011) .
In the present study, on average, neophytes contributed 14% of the identified flora. This is consistent with the findings of Filibeck et al. (2012) and Altay et al. (2015) for Mediterranean railway areas, and only partly with those in central Europe (e.g., Czarna, 2005) . Additionally, our finding closely agrees with the proportion of neophytes in urban flora of the main Croatian coastal cities and the city of Mostar in Bosnia and Herzegovina, and in railway stations of inland Croatia (Marković, 1977; Milović & Mitić, 2012; Maslo, 2014) . In general, the pattern of neophytes is similar in the investigated area to the rest of Europe, and is most strongly influenced by site conditions (Šilc et al., 2012) .
In our survey, among neophytes, therophytes dominated, most of them being invasive. Therophytes also play a significant role in the neophytic flora of railway areas in central and north Europe (Brandes, 1983; Galera et al., 2011) . By contrast, a very low diversity of this group of taxa was found along railways in the Mediterranean part of Italy (Filibeck et al., 2012) . However, the distribution of Raunkiaer's life forms in neophytes is only partly similar to that in the regional native flora. In this regard, phanerophytes are over-represented and occur commonly in other anthropogenic habitats (Tafra et al., 2013) .
In our case, five of the invasive taxa were woody plants (Ailanthus altissima, Robinia pseudoacacia, Parthenocissus quinquefolia, Broussonetia papyrifera and Acer negundo), which showed a common distribution here as well as in the urban flora of Mediterranean and temperate macrobioclimates (e.g., Celesti-Grapow & Blasi, 2004; Arianoutsou et al., 2010) .
In sum, the analysis of flora of operating railway tracks is a very interesting and important aspect of floristic investigations. In this study, we could not evaluate the relationship between flora richness vs. environmental and socio-economic variables using numerical analyses due to the lack of site-specific dataset. However, in general, our study showed that the character of the flora associated with railway areas is mostly influenced by the degree of anthropogenic pressure, the environmental conditions prevailing in such areas and probably the land use along railways. All these factors, including railway management practices, interacted and evidently impacted on the richness and composition of the flora (Wrzesień et al., 2016) . Our analysis will contribute to the establishment of a broader understanding of the management and conservation potential of this land use type.
